The known geranylhydroquinone 2, geranylorcinol 4 and the derivative (E)-4-(3,7-dimethylocta-2,6-dienyl)-5-methylbenzene-1,3-diol 5, were prepared by Electrophilic Aromatic Substitution (EAS) reactions between the corresponding phenol derivatives containing electron-donor subtituents and geraniol using BF 3 ×OEt 2 as a catalyst. In addition, spectroscopic NMR information for 4 and 5 is complemented. Furthermore, the new (E)-2-(3,7-dimethylocta-2,6-dienyl) benzene-1,3,5-triol (geranylphloroglucinol) 13, (E)-2-(3,7-dimethylocta-2,6-dienyl)-1,3,5-trimethoxybenzene 14, (E)-2-(3,7-dimethylocta-2,6-dienyl)-6-methoxyphenol 15, (E)-3-(3,7-dimethylocta-2,6-dienyl)-2-methoxyphenol 16, (E)-5-(3,7-dimethylocta-2,6-dienyl)-2-methoxyphenol 17, (E)-4-(3,7-dimethylocta-2,6-dienyl)benzene-1,3-diol 18, (E)-3-(3,7-dimethylocta-2,6-dienyl)benzene-1,2-diol 19, (E)-4-(3,7-dimethylocta-2,6-dienyl)-5-isopropyl-2-methylphenol 20, (E)-2-(3,7-dimethylocta-2,6-dienyl)-4-isopropyl-3-methylphenol 21, (E)-2-(3,7-dimethylocta-2,6-dienyl)-4-isopropyl-5-methylphenol 22, and(E)-2-tert-butyl-4-(3,7-dimethylocta-2,6-dienyl)-5-methylphenol 23 were also prepared with this synthesis strategy. All the synthesized compounds were fully characterized and their structures were established by IR, MS and mainly NMR spectroscopic dates.
SYNTHESIS AND NMR STRUCTURE DETERMINATION OF NEW LINEAR GERANYLPHENOLS BY

INTRODUCTION
The subgroups of linear geranylquinones or geranylhydroquinones are represented by an important number of compounds, for example 2-geranylbenzoquinone (1) isolated from Ascindian Synoicum castellatum [1] and 2-geranylhydroquinone (2) isolated from tree Cordia alliodora [2] , Phacelia crenulata [3] [4] [5] , Aplidium antillense [6] and the tunicate Amaroucium multiplicatum [7] . Both natural products are present in higher plants, but also have been reported in marine urochordates [8] .
2-geranylbenzoquinone (1) exhibits interesting biological activities such as toxicity against Gambusia affinis and Artemia salina, antimicrobial activity against Pseudomonas aeruginosa, Escherichia coli, Candida albicans, Micrococcus luteus and Bacillus subtilis [9] . Also the compound 1 has been reported as a potent skin sensitizer for guinea pigs, proving to be a fairly reliable indicator of allergenicity against human skin [3] . In addition, it has antimicrobial activity against Serratia marcescens, Morganella morganii, Proteus mirabilis, Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Streptococcus fecalis and antimicrobial activity against methicillinresistant Staphylococcus aureus [9] . Cytotoxicity against mouse P388 cells and cytotoxicity against human KB cells has also been reported for this compound [6] , as well as inhibition of soybean arachidonate 15-lipoxygenase and antioxidant activity in rat liver microsomes assessed as inhibition of lipid peroxide formation [7] . Furthermore, 2-geranylhydroquinone (2) has been synthesized as a drug and it has been reported to have some value as radioprotective and anti-cancer protective agents [10] [11] .
Additionally, the evaluation of Cancer-Preventive Activity and StructureActivity Relationships (SAR) of 3-demethylubiquinone Q2 (3), isolated from the Ascidian Aplidium glabrum [12] , and the geranylhydroquinone synthetic analogues were informed. All the compounds tested were able to inhibit JB6 Cl41 cell transformation, to induce apoptosis, AP-1, and NF-KB activity, and to inhibit p53 activity [13] . On the other hand, the geranylorcinol derivatives 4 and 5 (figure 1) showed antimicrobial and antifungal activities [14] [15] .
The geranylmethoxyphenol 6 (isolated from Piper crassinervium Kunth) showed antioxidant activity [16] , whereas the linear geranylmethoxyphenol/ acetates 7-9 (see figure 1), isolated from Phacelia ixodes [5] , showed a biological activity which allows to repel and in some cases, to kill phytophagous insects and plant pathogens [17] .
Recently, our research group reported the synthesis and in vitro cytotoxic activity against cells of PC-3 prostate cancer, MCF-7 and MDA-MB-231 breast carcinoma of compounds 1, 2 and some methoxylated geranylphenol derivatives in µM concentrations.
These compounds were obtained by Electrophilic Aromatic Substitution (EAS) reactions between geraniol and the phenols 1,4-hydroquinone and p-methoxyphenols using BF 3 •Et 2 O as catalyst. [18] [19] . On another hand, several factors highlight the urgent need for the development of new strategies for the control of phytopathogen fungus Botrytis cinerea and other plagues affecting important Chilean agricultural crops. They include the emergence of Botrytis strains resistant to fungicides, the high cost of chemical control and the limited availability of fungicides. In addition, it should be considered the strong worldwide trend towards sustainable development and environmentally friendly substances. Therefore, our interest is to gain a broader insight about the biological properties of these substances against plant pathogens which are important for the local national industry. On the basis of previously described and considering the structure -activity relationship with the derivatives 6-12, in this opportunity we report the synthesis of 2, 4-5 and the new 13-23 linear geranylmethoxyphenol derivatives (figure 2) by direct geranylation reactions of activated phenols, between geraniol and orcinol, phloroglucinol, guaiacol, resorcinol, catechol, carvacrol, 4-isopropyl-3-methylphenoland 2-tert-butyl-5-methylphenol using BF 3 •Et 2 O as catalyst. In addition, the structural determinations of these new eleven compounds were established by chemical and spectroscopic properties and the effect in the inhibition of the growth of B. cinerea will be informed later. 
RESULTS AND DISCUSSION
Our first objective was the preparation of compounds 2, 4-5, using the coupling method previously described by us [18, 19] with geraniol and commercially available hydroquinone and orcinol, respectively. In this case, 2-geranylhydroquinone 2 was obtained with 28 % yield, whereas the compounds 4 and 5 were obtained with 12.6 % and 27.6 % yields, respectively. The physical and spectroscopic properties of compounds4 and 5 were consistent with those previously reported [14, 15] . In addition, for the case of geranylorcinol structure derivatives, these were fully characterized by our research group, where the position of geranyl chain was established by selective 1D NOESY and 2D HMBC experiments, according to interactions shown in figure 3 . The synthesis of compound 13 (geranylphloroglucinol proposed name by us in analogy with the name of geranylorcinol) was development by direct geranylation reactions between phloroglucinol (benzene-1,3,5-triol) and geraniol with a 4,2 % yield. Later, the compound 13 was methylated with dimethylsulfate in acetone as was previously described by us for other compounds [18] . The trimethoxylated derivative 14 was obtained with a 98.5 % yield.These reactions are shown in scheme 1.
Scheme 1: Synthesis of geranylphloroglucinol 13 and their trimethoxylated derivative 14.
The determination of structure of 13 was mainly established by the NMR aromatic signal at d H = 5.93 ppm, where was observed a singlet for two hydrogen H-4 and H-6, confirming the unique possibility of aromatic mono-substitution. Additionally, the signal at d H = 3.30 ppm to assigned at H-2' (d, J = 6.9 Hz, 2H) shows 3 J H-C coupling with C-1 and C-3 (d C = 155.7 ppm) and 2 J H-C coupling with C-2 (d C = 106.3 ppm), these HMBC correlations are shown in figure 4 . In order to establish the E geometry in double bond position at C-2'-C-3' of the geranyl chain, selective 1D NOESY NMR experiments were registered for the compound 13. These correlations are shown in figure 4 , where the most important of those correspond to the correlation observed between the H-2' and the hydrogens of methyl group in C-3' position. For the derivative 14, in 1 H NMR spectra the two singlet signal at d H = 3.92 ppm (3H, OCH 3 ) and d H = 3.79 ppm (6H, 2 x OCH 3 ) confirm the presence of trimethoxylated derivative. The following step consisted in the preparation of compound 15. Nevertheless, the regio-isomers 16 and 17 also were obtained according to scheme 2. In order to establish the E geometry in double bond position at C-2'-C-3' of the geranyl chain, selective 1D NOESY NMR experiments were registered for the compounds 15, 16 and 17. These correlations are shown in figure 5 , where the most important of those correspond to the observed between the H-2' of geranyl chain with the hydrogens of the CH 3 -C3'and between some substituents in aromatic nucleus.
On the other hand, the direct geranylation between resorcinol and geraniol produced the compound 18 with 11.9 % yield. The structure and pattern of the aromatic monosubstitution of this compound were established from NMR data spectra. For the synthesis of compound 19, pyrocatechol and geraniol were used. In this opportunity, the geranyl chain was substituted in ortho position respect to hydroxyl group at the aromatic nucleus; as in the previous cases, the structure of compound 19 and geranyl chain position were confirmed by NMR data spectra. Later, the compounds 20, 21, 22 and 23 were obtained by direct geranylation between carvacrol, 4-i-propyl-3-methylphenol, 2-t-butyl-5-methylphenol and geraniol under identical conditions for the three cases. Nevertheless, in the latter case, ethyl ether was used as dissolvent instead of dioxane (to see scheme 3). These compounds were obtained with 21.7 %, 4.2 % and 17.7 % yield, respectively. In addition, the 21-22 mixture was obtained with a 25.2 % yield, when the 4-i-propyl-3-methylphenol reacted with geraniol according to the scheme 3. The structural determination of these compounds was mainly established by NMR data spectra. Thus, for compound 20, the signals at d H = 6.88 ppm (s, 1H, H-3) and 6.69 ppm (s, 1H, H-6) indicate the aromatic substitution pattern, confirming that the geranyl fragment was incorporated in para orientation with respect to hydroxyl group. Additionally, On the other hand, from the 1D selective NOE NMR experiments was possible to determinate the long range interactions between the H-1' with aromatic H-3, olefinic H-2', OH and CH 3 -C3'. In addition to this information, was possible to confirm the geometric orientation around the C2'-C3' double bond. These interactions are shown in Figure 12 . OEt 2 (0,23 g, 1.6 mmol) was slowly added dropwise with stirring at room temperature and under a N 2 atmosphere,. After the addition was completed, the stirring was continued overnight. When the end of the reaction was verified by TLC, the mixture was poured onto crushed ice (app. 30 g) and it was extracted with diethyl ether (3 x 30 mL). Then the ethereal layer was washed with 5% NaHCO 3 (30 mL), water (2 x 15 mL), dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure. The crude was redissolved in CH 2 Cl 2 (5 mL) and chromatographed on silicagel with petroleum ether/EtOAc mixtures of increasing polarity OEt 2 (1.4 g, 9.8 mmol) in freshly distilled 1,4-dioxane (5 mL) was slowly added dropwise, with stirring at room temperature and under a N 2 atmosphere, a solution of geraniol (1.5 g, 9.8 mmol) in 1,4-dioxane (5 mL). After the addition was complete, the stirring was continued overnight. When the end of the reaction was verified by TLC, the mixture was poured onto crushed ice (app. 30 g) and it was extracted with diethyl ether (3 x 30 mL). Then, the ethereal layer was washed with 5% NaHCO 3 (30 mL), water (2 x 20 mL), dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure. (C-3) ; 154.1 (C-1); 138.6 (C-5); 137.2 (C-3'); 131.8 (C-7'); 123.9 (C-6'); 122.2 (C-2'); 118.1 (C-4) ; 109.7 (C-6); 101.0 (C-2); 39.6 (C-4'); 26.4 (C-5'); 25.6 (C-8'); 25.0 (C-1'); 20.0 (CH 3 -Ar); 17.6 (CH 3 -C7'); 16.1 (CH 3 -C3'); IR (cm 
5). ( E ) -2 -( 3 , 7 -d i m e t h y l o c t a -2 , 6 -d i e n y l ) b e n z e n e -1 , 3 , 5 -t r i o l (geranylphloroglucinol) 13
To a solution of phloroglucinol (1.21 g, 7.5 mmol) and BF 3 .
OEt 2 (1.06 g, 7.5 mmol) in freshly distilled 1,4-dioxane (5 mL), a solution of geraniol (1.15 g, 7.5 mmol) in 1,4-dioxane (5 mL) was added dropwise, with stirring at room temperature and under a N 2 atmosphere. After the addition was complete, the stirring was continued overnight. When the end of the reaction was verified by TLC, the mixture was poured onto crushed ice (app. 30 g) and it was extracted with diethyl ether (3 x 30 mL). Then, the ethereal layer was washed with 5% NaHCO 3 (30 mL), water (2 x 20 mL), dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure. The crude was redissolved in CH 2 Cl 2 (5 mL) and the mixture was subjected to silica gel flash column chromatography with petroleum ether/EtOAc mixtures of increasing polarity (19.8 (E)-2-(3,7-dimethylocta-2,6-dienyl)-1,3,5-trimethoxybenzene 14 A solution of compound 13 (0.36 g, 1.4 mmol), dimethyl sulphate (0.58 g, 4.6 mmol) and potassium carbonate (0.58 g, 4.2 mmol) in dry acetone (50 mL) was refluxed for 6 h. in presence of. Later the mixture was filtered, and the inorganic salts washed with acetone (2 x 10 mL). The combined acetone solutions were evaporated under reduced pressure, the residue macerated with crushed ice, extracted with ethyl acetate (2 x 40 mL). Then, the organic layer was washed with sodium hydroxide solution (5%), water, dried under Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure to afford the compound 14 as a brownish oil (0.42 g, 98.5 %). 
To a solution of 2-methoxyphenol (1.50 g, 12.1 mmol) and BF 3 . OEt 2 (2.25 g, 15.8 mmol) in freshly distilled 1,4-dioxane (5 mL) was added dropwise, with stirring at room temperature and under a N 2 atmosphere, a solution of geraniol (2.44 g, 15.8 mmol) in 1,4-dioxane (5 mL). After the addition was complete, the stirring was continued overnight. When the end of the reaction was verified by TLC, the mixture was poured onto crushed ice (app. 30 g) and it was extracted with diethyl ether (3 x 30 mL) . Then, the ethereal layer was washed with 5% NaHCO 3 (30 mL), water (2 x 20 mL), dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure. The crude was redissolved in CH 2 Cl 2 (5 mL) and the mixture was subjected to silica gel flash column chromatography with petroleum ether/EtOAc mixtures of increasing polarity (19.8:0.2→0.2:19.8) as the mobile phase. Three fractions were obtained. Fraction I: compound 15 as a yellow oil (0.09 g, 2.5%).
1 H NMR: 6.81-6.74 (m, 3H, H-3, H-4 and H-5); 5.72 (s, 1H, OH); 5.37 (t, J = 7,2Hz, 1H, H-2'); 5.13 (t, J = 6.6Hz, 1H, H-6'); 3.90 (s, 3H, OCH 3 ); 3.39 (d, J = 7.2Hz, 2H, H-1'); 2.14-2.11 (m, 2H, H-5'); 2.09-2.05 (m, 2H, H-4'); 1.74 (s, 3H, CH 3 -C3'); 1.70 (s, 3H, H-8'); 1.62 (s, 3H, CH 3 -C7'); 13 (E)-4-(3,7-dimethylocta-2,6-dienyl)benzene-1,3-diol 18 To a solution of resorcinol (1.00 g, 9.1 mmol) and BF 3 . OEt 2 (1.29 g, 9.1 mmol) in freshly distilled 1,4-dioxane (5 mL) was added dropwise, with stirring at room temperature and under a N 2 atmosphere, a solution of geraniol (2.80 g, 18.1 mmol) in 1,4-dioxane (5 mL). After the addition was complete, the stirring was continued overnight. When the end of the reaction was verified by TLC, the mixture was poured onto crushed ice (app. 30 g) and it was extracted with diethyl ether (3 x 30 mL). Then, the ethereal layer was washed with 5% NaHCO 3 (30 mL), water (2 x 20 mL), dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure. The crude was redissolved in CH 2 Cl 2 (5 mL) and the mixture was subjected to silica gel flash column chromatography with petroleum ether/EtOAc mixtures of increasing polarity OEt 2 (1.3 g, 9.1 mmol) in freshly distilled 1,4-dioxane (5 mL) was added dropwise, with stirring at room temperature and under a N 2 atmosphere, a solution of geraniol (1.4 g, 9.1 mmol) in 1,4-dioxane (5 mL). After the addition was complete, the stirring was continued overnight. When the end of the reaction was verified by TLC, the mixture was poured onto crushed ice (app. 30 g) and it was extracted with diethyl ether (3 x 30 mL). Then, the ethereal layer was washed with 5% NaHCO 3 (30 mL), water (2 x 20 mL), dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure. The crude was redissolved in CH 2 Cl 2 (5 mL) and the mixture was subjected to silica gel flash column chromatography with petroleum ether/EtOAc mixtures of increasing polarity ( Et 2 O (0.2 mL, 1.59 mmol) in freshly distilled ethyl ether (10 mL) a solution of geraniol (0.308 g, 2.00 mmol) in ethyl ether (5 mL) was added dropwise with stirring at room temperature and under a N 2 atmosphere. After the addition was complete, the stirring was continued overnight. When the end of the reaction was verified by TLC, the mixture was poured onto crushed ice (app. 30 g) and it was extracted with ethyl acetate (3 x 20 mL). Then, the organic layer was washed with 5% NaHCO 3 (30 mL), water (2 x 20 mL), dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure. The crude was redissolved in CH 2 Cl 2 (5 mL) and the mixture was subjected to silica gel flash column chromatography with petroleum ether/ethyl acetate mixtures of increasing polarity as the mobile phase to afford the compound 20 as a dark yellow viscous oil (86.6 mg, 21.7%); 
To a solution of 4-isopropyl-3-methylphenol (0.25 g, 1.67 mmol) and BF 3 . Et 2 O (0.2 mL, 1.59 mmol) in freshly distilled ethyl ether (10 mL) was added dropwise with stirring at room temperature and under a N 2 atmosphere, a solution of geraniol (0.308 g, 2.00 mmol) in ethyl ether (5 mL). After the addition was complete, the stirring was continued overnight. When the finish of the reaction was verified by TLC, the mixture was poured onto crushed ice (app. 30 g) and it was extracted with ethyl acetate (3 x 20 mL). Then, the organic layer was washed with 5% NaHCO 3 (30 mL), water (2 x 20 mL), dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure. The crude was redissolved in CH 2 Cl 2 (5 mL) and the mixture was subjected to silica gel flash column chromatography with petroleum ether/EtOAc mixtures of increasing polarity (19.8 C-1') C NMR:151.9 (C-1); 138.9 (C-4); 138.1 (C-3'); 131.6 (C-7'); 126.3 (C-3); 126.0 (C-5); 124.0 (C-6'); 123.8 (C-2); 122.2 (C-2'); 117.5 (C-6); 39.7 (C-4'); 29.9 (C-1'); 28.6 (CH(CH 3 ) 2 ); 26.5 (C-5'); 25.6 (C-8'); 23.5 ((CH 3 ) 2 CH); 18.8 (CH 3 -Ar); 17.6 (CH 3 -C7'); 16.2 (CH 3 -C3').
(E)-2-tert-butyl-4-(3,7-dimethylocta-2,6-dienyl)-5-methylphenol 23 To a solution of 2-tert-butyl-5-methylphenol (0.25 g, 1.52 mmol) and BF 3 . Et 2 O (0.2 mL, 1.59 mmol) in freshly distilled ethyl ether (10 mL) a solution of geraniol (0.308 g, 2.00 mmol) in ethyl ether (5 mL) was added dropwise with stirring at room temperature and under a N 2 atmosphere,. After the addition was complete, the stirring was continued overnight. When the end of the reaction was verified by TLC, the mixture was poured onto crushed ice (app. 30 g) and it was extracted with ethyl acetate (3 x 20 mL). Then, the organic layer was washed with 5% NaHCO 3 (30 mL), water (2 x 20 mL), dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure. The crude was redissolved in CH 2 Cl 2 (5 mL) and the mixture was subjected to silica gel flash column chromatography with petroleum ether/ethyl acetate mixtures of increasing polarity as the mobile phase to afford the compound 23 as a brown viscous oil (123. 4 
CONCLUSIONS
In summary we have prepared fourteen compounds, the known geranylhydroquinone 2, geranylorcinol 4 and the derivative geranylorcinol 5 and the new geranylphenol derivatives 13-23. All these compounds were obtained by direct geranylation reactions using BF 3 •Et 2 O as a catalyst between geraniol and commercially available activated phenols hydroquinone, orcinol, phloroglucinol, guaiacol, resorcinol, catechol, pyrocatechol, carvacrol, 4-isopropyl-3-methylphenol and 2-tert-butyl-5-methylphenol. Additionally, all the synthesized compounds were fully characterized by spectroscopic data, especially by NMR techniques.
On the other hand, the orientation in electrophilic aromatic substitution of geranyl chain was directed in ortho and/or para position according to the location the OH or OCH 3 groups in the aromatic system. Also, for the same reason, mixtures of regio-isomers were obtained in some cases. The low yields were observed due to that during the reaction time, part of geraniol was transformated into unidentified products and unreacted starting material (arenes nuclei) was recovered.
We are currently investigating the effect of a second catalyst in the geranylation reactions and we have found better results in yields for these reactions. These results, together with biological activity assay against plant pathogens will be informed soon.
